Bonding Pad Design for Impedance Matching Improvement 



Background of the Invention 

5 (a). Field of the Invention 

The present invention relates to a bonding pad structure, more 
particularly, to a bonding pad structure for improving impedance matching. 

(b). Description of the Prior Arts 

Along with the retirement of the outdated electronic products, the 
10 operating frequency of the newer generation electronic products are 
gradually become higher and higher so as to fulfill the demands of the 
consumers. For instance, the operating frequency of a package structure 
corresponding to a radio-frequency (RF) circuit or high-speed circuit 
commonly will be employed in GHz range. 

15 Thus, the package structure corresponding to the electronic product 

having high operating frequency is required to have better electrical 
characteristics so as to stabilize the high-frequency electronic product while 
functioning. Please refer to Fig. 1, which is a cross-sectional view depicting 
a package structure of a RF circuit. In the package structure 100 as seen in 

20 Fig. 1, the signal transmitted between the chip 110 and the substrate 127 is 
accomplished using the longer metal wire 125 to couple the chip 125 with a 
lead located on the substrate 127. On the other hand, part of the grounding 
of the signal between the chip 110 and the substrate 127 is accomplished 
using the shorter metal wire 120 to couple the chip 110 directly with the 

25 chip-carrying die pad 130 located on the substrate 127 so that a shorter 
signal loop between the chip 110 and the substrate 127 can be achieved for 
enabling the package structure 100 to have better electrical characteristics 
and heat- flux capability. 

However, in the aforesaid high- frequency package structure 100, the 
30 total area between the chip 110 and the substrate 127 defined using the loop 
corresponding to the longer metal wire 125 and the shorter metal wire 120 is 
still too large that the electrical characteristics of the package structure 1 00 
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will show high inductance and high impedance, moreover, while the 
package structure 100 is operating in high frequency, a sever signal 
reflection will occur because of the impedance mismatching between the 
forgoing loop, also the return loss of the loop is decreased. 

5 For improving the electrical characteristics of the high-frequency 

package structure 100, that is, enabling the loop between the chip 110 and 
the substrate 127 to have both matching inductance and matching 
capacitance, or to have a better-matched return loss and insertion loss, the 
prior art normally will install a NMOS transistor or a PMOS transistor inside 
10 the chip 110 of the package structure 100 as a voltage-stabilizing capacitor. 
Nevertheless, the installation of the NMOS transistor or the PMOS transistor 
had confined the signal bandwidth and the accuracy of the package structure 
to haven many other applications. 

In addition, for further bettering the electrical characteristics of the 
15 high-frequency package structure 100, the Metal-Insulator-Metal (MIM) 
process is used for installing the aforesaid NMOS transistor or PMOS 
transistor inside the chip 110 of the package structure 100. However, the 
cost of the MIM process is too high to be commonly implemented. 

The present invention is a bonding pad structure for improving 
20 impedance matching that can optimize the impedance matching of the loop 
between the chip and the substrate inside the package so as to improve the 
electrical characteristics of the package structure by increasing the 
capacitance of the loop through a simple structural refinement of the 
bonding pad structure. 

25 

Summary of the Invention 

The primary object of the present invention is to provide a bonding pad 
structure for improving impedance matching. The aforesaid bonding pad 
30 structure, is used in an electronic component having multiple 
electrical-connected layers for signal transmission and grounding, 
furthermore, the signature of the foregoing structure is as following: the 
space between two bonding pads exists a metal structure constructed using a 



plurality of parallel-positioned metal plates which are overlapping and 
disconnected to one another. 

The aforesaid two bonding pads is neighbored to each other and is 
buried inside an electronic component from the surface thereof into a depth 
5 of its interior, wherein, the two bonding pads respectively comprise, 
successively from the electronic component's surface to the interior thereof, 
a plurality of metal plates and a plurality of plugs that are successively 
superimposed to one another, moreover, the amount and the order of the 
plates and the plugs are depended on the designing requirement. Further, the 
10 two neighboring bonding pads respectively should have at least a metal plate 
parallel extending toward the neighboring bonding pad, and superimposing a 
portion of the metal plate of its neighboring bonding pad, also the two metal 
plates is positioned apart from each other with a distance. 

In an embodiment of the present invention, the bonding pad structure 
15 that can improve impedance matching is applied in the package structure of 
high-frequency circuit. Thus, the aforementioned electronic component can 
be a chip or a multi- layer printed circuit board. 

In a preferred embodiment of the present invention, the bonding pad 
structure buried inside a chip comprises three bonding pads, which are first 

20 bonding pad, second bonding pad, and third bonding pad. All of the three 
bonding pads comprise respectively three plugs and three metal plates, 
wherein, on one side of the second bonding pad, the metal plates parallel 
extending toward one another that are successively overlapping one another 
from top to bottom are: the first metal plate of the first bonding pad, the 

25 second metal plate of the second bonding pad, the second metal plate of the 
first bonding pad, the third metal plate of the second bonding pad, the third 
metal plate of the first bonding pad, furthermore, similarly on the other side 
of the second bonding pad, the metal plates from top to bottom are: the first 
metal plate of the third bonding pad, the second metal plate of the second 

30 bonding pad, the second metal plate of the third bonding pad, the third metal 
plate of the second bonding pad, the third metal plate of the third bonding 
pad. 

To sum up, The present invention is a bonding pad structure for 
improving impedance matching that can optimize the impedance matching 
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of the loop between the chip and the substrate inside the package so as to 
improve the electrical characteristics of the package structure by increasing 
the capacitance of the loop through a simple structural refinement of the 
bonding pad structure. 

5 Other and further features, advantages and benefits of the invention 

will become apparent in the following description taken in conjunction with 
the following drawings. It is to be understood that the foregoing general 
description and following detailed description are exemplary and 
explanatory but are not to be restrictive of the invention. The accompanying 
10 drawings are incorporated in and constitute a part of this application and, 
together with the description, serve to explain the principles of the invention 
in general terms. Like numerals refer to like parts throughout the disclosure. 



Brief Description of the Drawings 

15 

The objects, spirits and advantages of the preferred embodiments of 
the present invention will be readily understood by the accompanying 
drawings, and detailed descriptions, wherein: 

FIG. 1 is a cross-sectional view depicting a package structure of a RF 
20 circuit. 

FIG. 2 is a top view showing a bonding pad structure of a preferred 
embodiment in accordance to the present invention. 

FIG. 3 is a cross-sectional view depicting a bonding pad structure of a 
preferred embodiment in accordance to the present invention. 

25 FIG. 4 is a 3-D diagram of Fig. 3. 

FIG. 5 is a reference table showing the return loss and the insertion loss 
of the package structure shown in Fig. 1 before and after using the bonding 
pad structure of the present invention. 

FIG. 6A a reference chart showing the return loss of the package 
30 structure shown in Fig. 1 before and after using the bonding pad structure of 
the present invention. 
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FIG. 6B a reference chart showing the insertion loss of the package 
structure shown in Fig. 1 before and after using the bonding pad structure of 
the present invention. 

5 Detailed Description of the Present Invention 

In the package structure of the prior art, since the total area between 
the chip and the substrate defined using the loop corresponding to the metal 
wires is still too large that the electrical characteristics of the high-frequency 
package structure will show high inductance and high impedance, moreover, 
10 while the package structure is operating in high frequency, a sever signal 
reflection will occur because of the impedance mismatching between the 
forgoing loop. 

For improving the electrical characteristics of the high-frequency 
package structure, the prior art normally will install a NMOS transistor or a 
15 PMOS transistor inside the chip of the package structure using MIM process. 
Nevertheless, the installation of the NMOS transistor or the PMOS transistor 
had confined the signal bandwidth and the accuracy of the package structure 
to haven many other application, moreover, the cost of the MIM process is 
too high to be commonly implemented. 

20 Thus, the present invention intends to improve the bonding pad 

structure constructed inside a chip of a package structure for carrying metal 
wires in a way that the capacitance of the loop formed between the chip and 
the substrate inside the package structure can be increased for enhancing the 
electrical characteristics of the package structure by using the parallel circuit 

25 board constructed using the aforesaid parallel extending metal plates of the 
two neighboring bonding pads that are overlapping and are respectively 
connected to the multi-layer metal plates structure of the chip. 

The following embodiments will illustrate the device and the method 
for processing the digital image of the present invention in detail. 

30 Please refer to Fig. 2, which is a top view showing a bonding pad 

structure of a preferred embodiment in accordance to the present invention. 
As shown in Fig. 2, a chip 110 comprises three bonding pads 210, 220, and 
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230, further, metal wires 125, 240 and 250 positioned between the chip 110 
and a substrate 127 respectively forms an electrical connection with each 
metal layer inside the chip 110 by passing through the bonding pads 220, 
210, and 230. 

5 Please refer to Fig. 3, which is a cross-sectional view depicting a 

bonding pad structure of a preferred embodiment in accordance to the 
present invention. As shown in Fig. 3, the bonding pads 210-230 are 
neighbored with one another and are buried inside the chip 110 from the 
surface thereof into a depth of its interior. From the surface of the chip 110 
10 to the interior thereof, the bonding pads 210-230 respectively comprises a 
plurality of metal plates 320-360 and a plurality of plugs 365-373 that are 
successively superimposed to one another, moreover, the amount and the 
order of die plates and the plugs are depended on the amount of metal layers 
installed in the chip 110 (i.e. 6 layers in the chip 110). 

That is, the bonding pad 210 is formed, successively from the surface 
of the chip 110 to the interior thereof, with a plug 365, a metal plate 320, a 
plug 366, a metal plate 330, a plug 367 and a metal plate 340. Similarly, the 
bonding pad 220 is formed with a metal plate 345, a plug 368, a metal plate 
349, a plug 369, a metal plate 348 and a plug 370. Similarly, the bonding 
pad 230 is formed with a plug 371, a metal plate 349, a plug 372, a metal 
plate 350, a plug 373 and a metal plate 360. 

Furthermore, also referring to Fig. 4, which is a 3-D diagram of Fig. 3, 
the meta: plates 320-340 of the bonding pad 210 respectively are coupled to 
the fifth metal layer M5, the third metal layer M3 and the first metal layer 
25 Ml inside the chip 110. The same time, the metal plates 345-348 of the 
bonding pad 220 respectively are coupled to the sixth metal layer M6, the 
fourth metal layer M4 and the second metal layer M2 inside the chip 110. 
The metal plates 349-360 of the bonding pad 230 respectively are coupled to 
the fifth metal layer M5, the third metal layer M3 and the first metal layer 
30 Ml inside the chip 110. 

Wherein, the characteristic of the bonding pad structure 210-230 is that 
the metal plates 320-340 of the bonding pad 210 and the metal plates 
345-345 of the bonding pad 220 are parallel extending toward each other, 
and a portion thereof are overlapping with one another, also every two 
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intersecting metal plates is positioned apart from each other with a distance 
d so that a parallel metal plate structure 380 is formed. Thus, as seen in Fig. 
3, the parallel metal plate structure 380 between the bonding pads 210 and 
220 is constructed successively using the metal plate 320, the metal plate 
5 347, the metal plate 330, the metal plate 348 and the metal plate 340, also 
the metal structure 380 contains insulation layers 112 in-between metal 

plates, such as Si0 2 . 

Similarly, the metal plates 345-348 of the bonding pad 220 and the 
metal plates 349-360 of the bonding pad 230 are parallel extending toward 

10 each other, and a portion thereof are overlapping with one another, also 
every two intersecting metal plates is positioned apart from each other with 
a distance d so that a parallel metal plate structure 390 is formed. Thus, as 
seen in Fig. 3, the parallel metal plate structure 390 between the bonding 
pads 220 and 230 is constructed successively using the metal plate 349, the 

15 metal plate 347, the metal plate 350, the metal plate 348 and the metal plate 
360. 

Since the bonding pad structure comprising the bonding pads 210-230 
has the two parallel metal plate structures 380 and 390 existing in-between 
bonding pads, when the metal plates 350-360 respectively within the 
20 bonding pads 210-230 are used by the chip 110 to transmit signals to the 
metal layers M1-M6 within the chip 110, one who skilled in the art will 
know that the two parallel metal plate structures 380 and 390 existing in the 
bonding pad structure 210-230 will increase the capacitance of the loop 
inside the chip 110. 

25 Therefore, according to the impedance matching formula of the loop: 

impedace(Z) = ^{indutace{L) I capaci tan ce(C) 

the high inductance of the loop between the chip 110 and the substrate 120 
of the package structure 110 with reference to Fig. 1 can be matched by the 
high capacitance acquired using the bonding pad structure 210-230 of the 
30 present invention. That is, the impedance (Z) of the loop between the chip 
110 and the substrate 120 can be optimized using the high capacitance of the 
bond pad structure 210-230 in accordance to the present invention. 
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From experiment, when the chip 110 of Fig. 1 uses the bonding pads 
210-230 pf the present invention, the electrical performance is optimized, 
that is, the return loss and the insertion loss will approach an optimum value. 
Please refer to Fig. 5, Fig. 6 A and Fig. 6B, which respectively are a 
5 reference table, and reference charts showing the return loss (SI 1) and the 
insertion loss (SI 2) of the package structure of Fig. 1 before and after using 
the bonding pad structure 210-230 of the present invention. 

When the bonding pad structure 210-230 is used in the package 
structure 100, and the operating frequency of the package structure 100 is 

10 2.4GHz, (Sll) of the total loop is -24.29dB which is 7.59dB smaller 
compared to the -16.70db before the aforesaid bonding pad structure is 
used, moreover, (S21) of the total loop is -O.lldB which is 0.07dB 
larger compared to the -0.1 8db before the aforesaid bonding pad 
structure is used. Further, when the operating frequency of the package 

15 structure 100 is 5GHz, (Sll) of the total loop is -13.24dB which is 3dB 
smaller compared to the -10.24dB before the aforesaid bonding pad 
structure is used, moreover, (S21) of the total loop is -0.26dB which is 
0.24dB larger compared to the -0.50dB before the aforesaid bonding 
pad structure is used. 

20 Therefore, the return loss of the total loop of the package structure 

100 is increased after using the bonding pad structure 210-230 of the 
present invention, and the insertion loss of the total loop of the package 
structure 100 is decreased after using the bonding pad structure 
210-230 of the present invention. The decrease of the insertion loss is 

25 helpful to the package structure 100 for reducing energy loss and 
enhancing signal integrity of high-frequency signal. Thus, the 
distribution of the return loss and the insertion loss of the total loop can 
be optimized using the bonding pad structure 210-230 of the present 
invention. 

30 To sum up, the present invention is a bonding pad structure for 

improving impedance matching. The aforesaid structure can increase the 
capacitance of the bonding-pad-connecting loop using the parallel metal 
plates structure constructed using the parallel extending metal plates 
between the two bonding pads. Hence, when the bonding pad structure of 

35 the present invention is used in package design, not only the impedance of 



the total loop of the package structure can be matched, but also the 
distribut ion of the return loss and the insertion loss of the total loop can 
be optimized so that a better electrical characteristic is achieved. 

While the present invention has been shown and described with 
reference to a preferred embodiment thereof, and in terms of the illustrative 
drawings, it should be not considered as limited thereby. Various possible 
modification, omission, and alterations could be conceived of by one skilled 
in the art to the form and the content of any particular embodiment, without 
departing from the scope and the sprit of the present invention. 



